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INTRODUCTION 
In recent years, the fitting of ultrathin lenses has become in-
creasingly popular. Fitting philosophies vary, but the limit to a 
satisfactory lens-cornea relationship has been described as 2.00 -
2.50 diopters corneal toricity for a spherical base curve lens . 1 ' 2 
Corneal toricity of 2D or greater occurs in appoximately 15% of the 
population) Most of this number would probably wear a correction and 
therefore,. many may be candidates for contact lenses. In fitting tor-
ic corneas, as stated by Sarver, "The spherical lens is justifiably 
the lens of choice for fitting the toric cornea • • •  when this lens 
construction will provide an optimum physical fit, physiological res-
. 4 ponse, and optical result." 
Where spherical contact lenses have been u'ed on patients with 
greater than 2D corneal toricity, many problems have developed. Past 
this limit, lens decentration, lens rock, eccentric pooling of pre­
corneal fluid, flare, and spectacle blur may occur.5 
To alleviate the above mentioned problems, an ultrathin lens with 
spherical 'base-'curves .. were used' in this ·study .. This project Will look 
at one of the uses of the ultrathin lens: the fitting of toric corneas 
with spherical.base curve ultrathin lenses; • 
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MATERIALS 
The most important aspect of a better centering lens is the ad-
. 6 herence of the contact lens to the tear film. The thinner and more 
regular this film of tears , the stro nger the adherence. The adher-
ence of a lens film e01 mm thick is ·four times the adherence of a 
lens tear film .04 mm thick . 7 Using a thinner lens should provide 
this close relationship to the globe, thereby improving centering.8 
Also important in producing the optimum lens-tear film rela-
tionship is the mass of the lens. As the lens mass is decreased, 
the lens center o.f gravity forms a closer relation·ship to the cornea, 
providing an increased adherence of the lens to the tear layer. 
Center thickness is the most sensitive design feature to the lens 
mass. Change in center thickness.of .01 mm can change the lens mass 
by J-12;�. 9 
A feature not to be forgotten to produce a.n optimum centering 
lens is that of the lens edge. A thinner lens appe ars to be advan-
tageous here also . Upper lid force is reduced as the lid slides 
easier over the thin edge of a thin lens providing better center­
. 10 J.ng. 
For this study, the optimum lens for necessary centering incor-
por�tes'.thin''Center thickness With' thin edge desigR • . The·:. lens es used 
in this project were produced by the Breger-Mueller Welt Corporation 
under the trade name Flexinyl. 
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PROCEDURE 
This study consisted of 8 subjects, all of which had at least 
two diopters of corneal toricity in one eye. Some subjects were 
first time· contact lens wearers, while some had previously tried 
or had worn contacts and were unsuccessful or dissatisfied. This 
project attempted to fit each subject with a spherical base curve 
Flexinyl lens. The initial lens was determined by Breger-Mueller 
Welt Company from the findings on the following parameters: central 
keratometry readings, spectacle refraction, pupil size, palpebral 
fissure height, upper'lid position, and iris color. 
Before the Flexinyl lens was fit, a conventional diagnostic 
lens was tried on each subject. The initial subject comfort, cen-
tering, and overrefraction could then be compared with the Flexinyl 
lens. With the Flexinyl lens, each subject was monitored according 
to comfort, centering, overrefraction, and corneal physiology. 
When possible, buildup to full wearing time was attempted with 
the Flexinyl l.ens. Checkup exams monitored any changes to corneal 
integrity and. keratometry readings. 
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DISCUSSION OF � 
The original purpose of this thesis project was to determine if 
toric corneas (between two and six diopters of corneal toricity) could 
be fit with spherical base curve ultrathin contact lens instead of 
resorting to a more complex fo:nn of lens design, such as toric base 
curve or toric peripheral curves. Due to the relative rarity of 
this type of subjects, the low sample number will not allow highly 
sophisticated statistical statements concerning the prediction of 
how these type of lenses will function on every individual. However, 
from the data, certain generalizations can be made when deciding the 
likelihood of success when a moderately high astigmatic cornea is 
to be fitted. 
As with any contact lens design, the success of fitting a sub-
ject with ultrathin lenses, such as F1.exinyl , ls not determined by 
a single parameter, but by the fact that a subjE�ct evaluates more 
parameters as being acceptable and fewer parameters as being unac-
ceptable. With this in mind, progress exams were designed to in-
vestigate several aspects of the lens fitting qualities that might 
be contributing to the relative success or failure of the subject. 
Perhaps one of the most important criteria leading to success 
is the establishment of good visual acuity. If a subject shows a 
reduction in acuity, he may be a poor prospect for continued success 
unless some other factor provides a relatively greater motivation. 
Of eight subjects, three of them (J .c., G .P., and N . s . ) showed an 
improvement over spectacle acuity. The acuity of D.H. improved from 
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20/20 O.D. and 20/25 O.S. to 20/15 O.U. with Flexinyl lenses. D.S. 
improved from 20/20 to 20/15 in the right eye and from 20/25 to 20/20 
in the left eye. Three subjects whom eventually terminated their wear 
showed degradation in acuity with contact lenses as compared to spec­
tacles. T.B. showed a decline in acuity from 20/15 o.u. to 20/20 O.D. 
and 20/25 O.S. W.L. declined to 20/30 and 20/25 from a spectacle acuity 
of 20/15 o.u. Perhaps the least successful subject with the spherical 
Flexinyl lens was L.R. whose acuity degraded to 20/50 and 20/40 from 
a habitual of 20/20. This subject, however, was latter fit with a 
Flexinyl toric lens and experienced 20/15 acuity and was a subjective 
success. 
Another of the most highly important criteria for success would 
have to be subjective comfort. Without at least a moderate degree of 
comfort, contact lens subjects may become disen chanted and discontinue 
wear. To evaluate comfort each subject was shown a copy of a comfort 
scale (Appendix 1A4), constructed, with changes, from the Breger-Mueller 
Welt comfort scale. At each progress exam, each subject made a deter-
mination of his level of comfort during the period since his last 
check. Of the 27 total responses, 15 were stated as being unaware of 
anything in the eye. ( Table 1) Perhaps a more meaningful evaluation 
of comfort is comparing the subjects response at dispensing, with 
those halfway through the progress exams, and those at close-out. 
As can be seen from Table 2, four out of the five subj e cts who es­
tablished full time wear, reported a number 1 re s ponse, that being 
unaware of anything·in the eye. The other remain�ng:Js�bject,,ga.ve a 
number 2 rating at close-out, indicating some awareness. 
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Subject1Te Comfort 
Response from 
Comfort Scale* 1 2 J 
Number of 
Patient Responses 15 5 3 
*See Appendix 1A4 for example 
of comfort scale • 
Patient Initial co11f ort 
response 
T.B. 6 
J.C. 5 
D.H. 1 
W.L. 3 
G.P. 1 
L.B. 6 
DOOS. 1 
N·.s. 3 
4 5 
0 1 
Table !. 
6 7 8 
3 0 0 
Midpoint comfort 
response 
2 
3 
1 
�---� 
2 
1 
2 
1 
1 
*Patient discontinued therapy before 
full time lense wear was achieTed. 
Table 2 
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Wearin g time is another important con sideration. Although all 
of the subjects that reached fulltime wear wore their len ses for 12 
to 14 hours on ave.rage, all stated that they had worn them more on 
occasion without problems an d felt they could wear them as long as 
they wished. In one case, subject N.S. wore her lenses i8 hours in 
the first week of wear without subjective discomfort. 
F1exinyl lenses, due to their steeper than K fit and low mass, 
generally center excellently. In six of the subjects, the lenses were 
centered with respect to the cornea center. However, if the subject 
exercised an incomplete :'blink the lens usually decen tered to an infer-
ior position. This was the case in at least four of the five fulltime 
subjects. With full complete blinks all of these subject's len ses 
return ed to a centered position . Subject T.B. was unable to achieve 
central position in g, as the len ses generally rode quite temporally. 
This subject also exhibited flare as did one other subject. SUb-
ject N.S. showed a constan tly inferior lens position, but n ever com-
plained of flare or other problems associated with centering. 
No objective degradation in the cuality of the mire images was 
ever seen- However, as expected, a predicted change in the overall 
keratometric readings was shown. In each of the subjects .that at-
tained fulltime wear, the flatter horizontal meridian steepened 
rangin g from .. 25 to 1.75 diopters. (Table J) The vertical meridian 
was more variable, however, but 60% of the eyes became steeper in 
this meridian always to an extent less than the flatter meridian. 
Two eyes showed n o  chan ge in this meridian and two became flatter, 
one by . 12 and one by .62. As can be seen from Figure 1, the 
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.CHANGE IN 
HOIUZONTAL 
CYLINDER 
CHANGE IN 
VERTICAL 
CYLINDER· 
INITIAL 
·-- ---
�. . •-t- :r 
CORNEAL 
CYLINDER 
FINAL 
CORNEAL 
CYLINDER 
(OD} 
(OD} 
(OS) 
(OS) 
CHANGE IN · 
HORIZONTAL 
CYLINDER (OS) 
CHANGE IN 
VERI'ICAL 
CYLINDER {OS) 
J.C. 
2 .37 WTR 
I . 
i.50 WT R 
0.87 steep 
1 
o.oo 
2.25 WTR 
2.12 WTR 
I 
� i 
11�· 0.50 steep 
J 
0.3?- steep 
Table J 
Keratometr1c Chru:ig�s 
D.H. G.P. 
2 .50 WTR 2.00 WTR 
1.75 WTR 1.00 WTB 
1.00 steep 1.12 steep 
·--·-
0.25 steep 0.12 flat 
· --.,--
2 .75 WTR 2.12 WTR 
-------
i.50 WTR 1.00 WTB 
t.50 steep 0.37 steep 
-·· .. -···· 
0.25 steep 0.62 flat 
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D.S. 
1.25 WTR 
1.25 WTR 
0.25 steep 
--�·�--· 
0.25 steep 
2 .87 WTR 
2 .25 WTR 
0.62 steep 
o.oo 
N .s. 
2 .75 WTR 
1.87 WTB 
t.12 
0.25 
ste ep 
steep 
- -
J.00 WTR 
2.12 WTB 
. 
1.50 steep 
0.62 stee p 
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Absolute· Changes In 
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* * * * *' * * * 
* * * * * * * * 
* * * * * ii -tf * 
* * * *· ii "'' '* * 
OD OS OD OS OD OS OD OS 
D.H. G·.P •. D.S. N.S. 
Figure 1 
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absolute value of the corneal cylinder decreased in all cases. 
As.part of the closeout exam, each subject's lenses were eval-
uated to determine if any changes in the originally prescribed par-
ameters could be found. Most lenses showed no change in most of the 
originally prescribed parameters (Appendix 2)� however, some warpage 
of the lenses did occur. The magnitude of this change was gene.r;:i.lly 
only .12 or . 25 dibpters, with one lens changing .. 37 diopters. In 
order for a lens to become free from rotation, the toricity of the 
base curve must be at least one half the corneal cylinder, which did 
not occur. Thus, the lenses probably rotated freely and no warpage 
problems should be encountered. 
Biomicroscopic changes with the Flexinyl lenses were minimal. 
Three subjects showed some degree of central corneal clouding at the 
first progress exam, but did not maintain it as adaptation increased. 
Two subjects showed 3-9 stipple staining at one noint in their progress 
exams. 
One of the biggest problems for the practitioner encountered 
with an astigmat'of varying amounts of corneal and refractive astig-
matism, that presents itself for the contact lens fitting, is the amount 
of residual cylinder . If some kind of predictable systematic method 
can be devised to calculate the amount of residual cylinder, much 
time and effort on both the part of the practitioner and the subject 
can be saved. In this study, seven of fourte.-.n eyes showed less abso-
lute residual astigmatism with Flexinyl len."'e:� than with conventional 
hard lenses. In six cases, the absolute amount of residual cylinder 
remained the .same and in only one case did the re:sidual cylinder 
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become more with the Flexinyl lens. In comparing conventional lens 
overrefractiori with the Flexinyl lens overrefraction, 10 of 14 eyes 
showed more with the rule cylinder with the ultrathin lens. Thus a 
conventional lens subject showing against the rule overrefraction may 
be best helped with a Flexinyl lens. 
As has been shown by Sarver and Dellande, the general method of 
establishing calculated residual cylinder by subtracting the refrac-
tive cylinder from the corneal cylinder is not accurate, in that it 
shows more residual cylinder than will be present.11712 This can also 
be seen in this project. (Figure 2) In twelve of sixteen eyes tested, 
Sarver's method* of predicting residual cylinder was more accurate 
than the calculated method. (Figure 3) This method is more accurate 
when corneal cylinder exceeds the refractive cylinder. In cases in 
which the refractive cylinder is greater than the corneal cylinder, 
as in .subject L.R., the calculated method is more accurate and, in 
fact, may not predict as much cylinder as will be shown in the sub-
jective refraction. Dellande's method of predicting residual cyl-
inder is also more accurate than the calculated method. However, it 
was found to be less accurate than Sarver's method since it is based 
on .5(calculated residual cylinder) in contrast to .)(calculated re-
sidual cylinder) for Sarver's method,. Therefore, whenever the cal-
culated cylinder is against the rule, Sarver's method of calculating 
*See bottom of page 1J for calculation of Sarver's and Dellande's 
method of calculating predicted re.cidual cylinder • 
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always show a greater amount or an equal a-
·ainst the rule cylinder and never less of a 
\ ... 
r method. ( Figure 5) Conversely, whenever 
I 
I inder is with the rule, Sarver1s.method 
t; I 1 
� an equal amount of reduction of with 
-� s s than Dellande' s method • 
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L 
( C.B.C. )11-
Calculated 
Corneal Refractive Residual 
Patient Cylinder Cylinder ·Cylinder 
2.00 A -1.75 A -0.25 w 
T.B. 
1.12 A -2.00 A -0.87 \( 
2.37 w -2.00 w -0.37 A 
J.C. 
2.25 w -2.00 w -0.25 A 
2. 50 w -1 .oo w -1. 50 A 
P.H. 
2.75 w -0.75 w -2.uO A 
3.00 w 
W.L. 
-1 .. 7�;W -1.25 A 
2.62 w -2.00 w -0.62 A 
2.00 w -1.25 w -0.75 A 
G.P. 
2.12 w -1.7.5 w -0.37 A 
4.75 w -.5.75 w -1.00 w 
L.B. 
4.62 w -6.oo w -1.37 w 
1.25 w -0. 7 5 w -0.50 A 
n.s. 
2.87 w -2. 75 w -0.12 A 
2.75 w -2.50 w -0.25 A 
N.S. 
3.00 w -2. 50 w -o._eo A 
*C. R.C.= Refractive CYl. - Corneal Cylinder 
**Conventional Lense refers to a hard 
Butterfield Trial Lenses. 
"NR i ndicate s  the find 1ng was not recorded 
due to insufficient buildup of wearing 
time to make a finding valid. 
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Residual Residual 
Cylinder Cylinder i Conventional Flexin yl 
tense ** Lense 
·-
,,-
-0.75 A -0.75 A 
-
-0.75 A -1.00 A � 
-0.25 A -0.25 w 
-0.50 A -0.50 w 
-1.00 A -0.25 A -
r 
-0.50 A -0.25 A 
No Cyl. No Cyl. I 
-0.50 A -0 .25 w -
-0.25 A No Cyl. 
-0.25 A -0.25 A 
-
NB" -2.00 w 
NE -2.50 w 
-0.50 A No Cyl. 
-0.25 A -0.25 w 
-0.62 A -0.50 A 
-1.00 A -0.25 A 
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(P.B.C.) 
P�edicted 
es1.dual 
Cylinder 
Sarver Method' Dellande Method' ' 
Maximum Mean Minimum Maximum Mean I .. 
-0.62 w -0.12 w -0.37 A -0.62 w -0.12 w 
-0.75 w -0.25 w -0.25 A -1.00 w -0.50 w 
-0.62 A -0.1? A - o ·. 37 w -0.75 A -0.25 A 
-0.62 A -0.12 A -0.37 w -0.62 A -0.12 A 
-
-0.75 A ... 0.25 A� -0 .25 w -1.25 A -0.75 A 
-1 . 12 A -0.62 A -0.12 A -1.50 A -11,.00:.A 
-0.87 A - O . ) V  A -0.12 A -1.12 A -0.62 A 
-0.75 A -0.25 A -0.25 w -0.87 A -0.37 A 
-
-0.75 A -0 .25 A -0.25 w -0.87 A -0.J? A 
-0.62 A -0.12 A -0.37 w -0.75 A -0.25 A 
-0.87 w -0.37 w -0.12 A -1.00 w -0.50 w 
-0.87 w -0.37 w -0.12 A -1.12 w -0.62 w 
-0.62 A -0.12 A -0.37 w -0.75 A -0.2.5 A 
-0.50 A Plano -0.50 w -0 • .5G A Plano 
-0.62 A -0 . 12 A -0.37 w -0.62 A -0 .. 12 A 
-0 . 62 A -0.12 A -0.37 w -0.75 A -0.25 A 
•P.R.C. Sarver Method= o.3(C.F.C.) :!:0.50 D. 
"P.B.C. Dellande Method= o.5(C.B.C.) +0.50 D. 
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-0.37 A 
Plano 
-0.25 w 
-0.37 w 
-0.25 A 
-0.50 A 
.:..0.12 A 
-0.12 w 
-0.12 w 
-0.25 w 
Plano 
. -0.12 w 
-0 .25 w 
-0 .50 w 
�0.37 w 
-0 .25 w 
Flexinyl 
Lense 
Over 
Flexure 
Kf 
-0.87 A 
-0.62 A 
-0.50 w 
-0.50 w 
-1.00 w 
-1.00 w 
�0.75 w 
-0.37 w 
-0.75 w 
-0 .62 w 
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NB 
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-0.62 w 
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Figure 2 
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CONCLUSION 
The fitting of a spherical ultrathin lens appears to be a valid 
procedure for subjects with two to three diopters of corneal toricity. 
However, as with any lens fitting technique, certain precautions should 
be noted. With the five successful subjects in this study, nine of ten 
eyes fell within the Sarver range of prediCted residual cylinder. Five 
of six eyes of the unsuccessful subjects fell outside of the Sarver 
criteria. Therefore, when predicted residual cylinder fa.Us within 
the Sarver cri tP.ria, as men t.ioned in the discussion, there appears to 
be a good indication for success in tenns of overrefraction. 
Comfort and centering appear to be the ·major advantages with the 
Flexinyl lens. All but one subject that achieved fulltime wear ex-
perienced a level of comfort of unawareness of anything in the eye, 
according to the comfort scale. ( Appendix 1A4) One subject exper-
ienced only awareness of the lens . The e ase of centeri1'1g can prob-
ably be attributed to the low lens mass and the steep base curve rad-
ius. While this steep base curve tended to sphericalize the central 
keratometer readings, it did not appear to produce any probl�-ms in 
the basic physiology of the cornea. 
The major dl:'awback of this study is the lack of subjects with 
high toric corneas, from three to six diopters toricity. One sub-
ject with 4t diopters of corneal toricity fell far outside the Sar-
ver criteria of predicted residual cylinder and therefore could have 
been suspected of having trouble with residual cylinder. In this 
18. 
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case, however, centering appeared good and comfort was adequate with 
a spherical-lens. 
Whether or not similar results could have been obtained With a 
conventional lens with the saine parameters a� the ultrathin lens 
would have to be investigated. The reduction of against the rule re-
sidual cylinder, ease of centering, and subject comfort appear to be 
the major factors in subject acceptance of this lens • 
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Patient 
T.B. 
J.C. 
D.H. 
W.L. 
G.P. 
L.B. 
D.S. 
N.S. 
Eye 
OD 
OD 
OS 
OS 
OD 
OS 
OD 
OS 
OD 
OD 
OS 
OS 
OD 
OS 
OD 
OS 
OD 
OD 
OS 
OD 
OS 
Appendix 2 
Contact Lense Spec1f,1cations 
OD BC OZD ICW PCW PCR 
8.2 7.99 6.8 0.2 o.4 12 .. 25 
8.6 8.04 7.2 0.2 o.4 12.25 
8.2 7•99 6.8 0.2 o.4 12.25 
8.6 8 . 04 7.2 0.2 o.4 12.25 
8.3 7.48 6.8 0.2 0.5 12.25 
8.3 7.42 6.8 0.2 0.5 12.25 
8.1 7.36 6.7 0.2 0.5 10.50 
8.1 7.32 6.7 0.2 0.5 10.50 
7.5 7. 78 6.1 0.2 0.5 12.25 
8.1 7.76 6.7 0.2 0.5 12.25 
7 .5 7.92 6.1 0.2 0.5 12.25 
8.1 7.92 6.7 0.2 0.5 12.25 
8.1 7.48 6.7 0.2 (j) .SC' r .,. ' 12.25 
8.1 7.48 6.7 0.2 0.5 12.25 
8.1 7.87 6.7 0.2 0.5 12.25 
8.1 7.85 6.7 0.2 0.5 12.25 
8.2 7.66 6.5 0.2 0.5 12.25 
8.2 7.63 6. 5 0.2 0.5 12.25 
8.1 7.66 6.5 0.2 0.5 12.25 
B .o ?.46 6.5 0.2 0.5 12.25 
8.o 7.26 6.5 0.2 0.5 10.50 
CT POWER. 
0.11 -2.75 
0.10 -2.50 
0.11 -J.00 
0.10 -2.75 
0.1 1 -5.59 
0.09 -4.75 
0.09 -4.12 
0.09 -J.87 
0.08 -6.25 
0.08 -6.25 
0.08 -6.2:2 
0.08 -6.oo 
0.09 -1.75 
0.09 -2�00 
0.11 -2.12 
0.11 -2.12 
0.12 -J.00 
Q�ll -2 .50 
0.11 -3.2.5 
0.13 -1.00 
0.12 �1-37 
. * BC to Kr 
'3?% s 
75% s 
89% s 
67% s 
58% s 
72% s 
70% s 
64% s 
75% s 
75% s 
76% s 
76% s 
75% s· 
71% s 
76% s 
78% s 
40% s 
50.% s 
65,% s 
73% s 
87% s 
* BC to Kr refers to the prescribed base cune 
of the l.ense to the flattest "K". Ex. 75% S 
signifies the BC is 75% of the total Kc & steep • 
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